Dans les matériaux étudiés, la transformation de phase 6 ->• a donne lieu à la formation de plumes ou fers de lance qui peuvent être décrites comme des macles de transformation. Cet article décrit la structure d'un joint de macle obtenue par microscope électronique à haute résolution (MEHR). La macle étudiée a une structure 15R et un joint de macle à grand angle. Nous avançons une hypothèse pour décrire la formation d'une telle macle.
INTRODUCTION
When the temperature of the 8 (cubic) -»• a (hexagonal + rhomboedric polytypes) phase transformation is exceeded, large a grains develop in boron doped BSiC during the sintering or subsequent anneals. The phase transformation and recrystallization occur in both pressureless and hot pressed SiC [1] . They lead to one or the other of the two following features : (i) The grains grow independently from one another and the phase transformation involves a plates growth. The nucleation and growth of the a plates have been characterized elsewhere [2] .
(ii) The grains develop in pairs called feathers. The microstructure of the feathers was determined in both pressureless and hot pressed boron doped SiC using transmission electron microscopy [3] [4] . In spite of numerous stacking faults, the two grains of the feather exhibit the same crystalline structure as demonstrated by electronic diffraction. The orientation relationship is well defined and it is independent on the experimental conditions (temperature, pressure).
The analysis of the microstructural characteristics of the feathers (structure, orientation relationships, grain boundary) indicates that these latter may be described as transformation twins : after the nucleation of the twin, the two grains develop simultaneously but independently. Both mechanisms of nucleation and growth are yet to be characterized. However, the growth of each grain probably involves the same mechanism as the one described for a plates [to be published]. Consequently, one can say that the only difference between the two-phase transformation lies in the twin nucleation stage. To go further, we have done a HREM study of a feather in order to determine the structure of the interface. As usual in transformation twins, the boundaries are quite wavy. We focussed our attention on symmetrical parts of the boundary which we believe to be representative of the initial twin.
Five different twinning laws were deduced from the observation of both pressureless and hot pressed SiC [3, 4] . The HREM experiment was performed on one "of them previously identified on electron diffraction patterns. fig.2 ) only part of it was transparent to the electron beam. In such areas, diffraction patterns ( fig.3) were characteristic of the 15R polytype which stackina is shown ( fig.4a ). As usual in aSiC, both grains exhibit numerous stacking faults on the (0001) planes which are revealed by the streaks on the diffraction patterns in the C direction.
The diffraction patterns at the grain boundaries ( fig.3~ ) give the orientation relationship r the two grains share a (1120) plane; such a feature is characteristic of the feathers. In this common plane, perpendicular to the electron beam, the angle between the two C axes is 2 a = 65.5 + 0.5" : the corresponding stereographic projection and twinning laws are described in reference 4.
3.HREM OBSERVATIONS

Structure of the grains
In both grains, the 15R stacking is the more commonly observed as illustrated in figure 5 : the micrograph shows the double atomic Si-C raw projections parallel to the [I1201 direction. Nevertheless, a number of layers exhibit different stackinqs. These observaLions are in good agreement with the diffraction patterns. Furthermore, the images show that the stacking faults in the 15R structure lead more often to 4H layers (the 4H stacking is depicted in figure 4b ).
The detailed stacking appears to be different on either side of the interface. This peculiarity was already observed by lattice imaging in 6H feathers [to be published]. Thus, it can be said that the crystalline structures exhibited by the two grains of the feather are the same at microscale (15R) whereas they are different at nanoscale. This confirms our previous hypotheses [3] : the feather is not issued from the twinning of a 15Rl4H crystal; its two grains have grown independently although simultaneously from a twin nucleus; stacking faults characteristic of the aphase which necessarily occur independently in both grains lead to the different nanostructure observed.
Features of the interface
The feather exhibits a very irregularly shaped twin boundary which is a typical feature of transformation twins. The interface contains some symmetrical parts; one of them has been imaged by HREM ( fig. 6a) . We choose to describe the ct phase as the stacking of cubic layers delimited by stacking faults (in the (0001) planes in the a structure). In each cubic layers, the stacking of the (111) planes are dr_awn as shown in figure 6b. These planes are parallel to the (OOOI), (55011 and (5501) in the 15R polytype.
Some of the (111) planes of crystal 1 do not continue in crystal 2 and conversely; their traces are drawn with dotted lines. In this approach, the interface may be described as a network of dislocations, the burger's vector of which, defined in the cubic cell, is 116 [I121 a, (ac parameter of the cubic cell). The dislocation core is located with an error of + 1 interreticular distance, that is to say + 0.251 nm. We choose to put them on the stacking fault planes.
A mean interface may be drawn as the medium plane between the two stacking fault planes. Dislocations are found on either side of this plane. Their spacings depend on the stacking of the polytypes on either side of the interface; the pseudo period is about 4 a, to 5.5 a , . In order to describe the microstructure, it is interesting to compare the observed interface with 15R and 4H bicrystals models.
STRUCTURAL INTERPRETATION
As mentioned above, the 2a experimental angle between the c axes is equal to 65.5k 0.5". In the 43 characterized 15R feathers, 2a was either equal to 41.4 r 0.5" or to 65.5 i 0.5" E41. No other angles were found; this leads us to think that these two values are characteristic of this structure. Therefore, we built a high angle grain boundary bicrystal model with a 2 aangle equal to 65.5". In the only 4H feather ever found, the 2 a angle was equal to 64 ? 0.5" [31. Therefore, we depicted a 4H bicrystal with such an angle.
In order to build the bicrystals, we used the symmetries described elsewhere [31 [4] . We also authorized some translation and some tilt around the [II~O] axes to obtain the best coincidence at the interfaces. Good coincidences were obtained when the 2 Q sngles had the experimental values.
The corresponding bicrystals models are represented in figure 7a and 7b . In the models, as in the sample, the a structures are depicted by the stacking of cubic layers and the {;111 1 planes are drawn. As previously, we choose to locate the dislocation cores (bad coincidence areas) at the stacking fault planes. From the models, it turns out that the interfaces are well described by a periodic array of dislocations located on either side of a mean interfacial plane. The period of the theoretical dislocation network depends on the structure and is equal to 5 a, in the 15R bicrystal and to 4 a, in the 4H one. The experimental values are very similar to the ones found in the models : when 15R layers correspond to one another, the spacing observed is just the same as the one deduced from theoretical coincidence; when 4H layers are introduced, the period varies between 4 a, and 5 ac as expected. The 2 wanqle should also vary between 64" and 65.5". Such small variations cannot be exactly determined from the HREM images because of the measurement uncertainty ( +I0).
The dislocations required to accommodate the misorientation could have glided on (111) planes in a cubic grain or in a ~3 cubic twin. As a matter of fact, the 116 El121 dislocations are typically involved in the formation of stacking faults in the cubic phase. An array of dislocations with a period of 5 ac or of 4 a, introduces a change in the diedral angle respectively equal to 5.4" and to 6.75". As the initial angle between the C111) planes in the initial cubic or twin cubic grain is equal to 70.5", the resulting diedral angle should be respectively equal to 65"l and 63O75. There is quite a good agreement with the experimental values observed in 15R and 4H feathers.
As previously mentioned no other high angle grain boundary, corresponding to the other possible coincidences in the 15R and 4H structures, were observed. This experimental evidence supports the hypothesis of the formation of the high angle twin boundaries by glide of 116 El121 dislocations in (111) planes of cubic or twin cubic grains. However, the observed interfaces result from long anneals and are not necessarily representative of the initial twins. Further observations are necessary to determine exact nucleation mechanism of high angle twin boundaries. 
CONCLUSIONS
